This study was conducted to evaluate the effects of dietary supplementation of catechins and wheat bran on growth performance, carcass characteristics and meat color using forty-eight Hanwoo steers. Each steer was randomly assigned to one of four treatments. Treatments were as follows: control, catechins, wheat bran, and catechins+wheat bran (CW). At the end of the feeding trial, blood samples were collected for analysis of hemoglobin and iron concentration, and then steers were slaughtered at a commercial abattoir. Catechins, wheat bran, and CW had no effect on growth performance and carcass characteristics. Percentage of myoglobin in M. longissimus dorsi was not affected by treatments. Percentage of oxymyoglobin was increased (p<0.05) by CW and maintained at the highest level (p<0.05) for CW during meat display time up to 24 h. Percentage of metmyoglobin was the lowest (p<0.05) for CW between 5 and 24 h during display time. Although blood iron concentration was not affected by treatments, total concentration of muscle iron was the lowest (p<0.05) for CW compared with that of other treatments. Therefore, the results of the present study suggest that CW may provide good protection against oxidation of myoglobin, and might be an effective dietary supplement for improving meat color in the late fattening period of Hanwoo steers.
INTRODUCTION
Meat color is an important factor in determining meat quality grade and a good indicator of the degree of freshness of meat. In most countries, consumers significantly consider meat color when they purchase meat and prefer a bright red color (Carpenter et al., 2001) . Decisions when purchasing meat are influenced by meat color more than any other meat quality factor because consumers consider discoloration an indicator of spoilage. In addition, meat color is judged by perceived eating quality and desirability (Cassens et al., 1988) .
Meat color is influenced by heritability and environment as well as nutritional factors. Regarding nutritional factors, Bray et al. (1959) reported that iron supplementation increased pigment concentration in muscular tissues, and this resulted in the production of darker colored meat. Zembayashi et al. (1999) confirmed that there was a correlation (y = 64. 37-19.35x+3.54x 2 , r 2 = 0.79) between iron concentration and L* value (lightness), and suggested that beef color could be improved by a reduction in iron concentration of muscle.
A few studies have been conducted to estimate the effects of iron concentration on beef color. Phytate, catechins and tannins have resulted in reduced absorption of iron (Disler et al., 1975; Monsen, 1988; Goto et al., 1996) . There are reports that beef color tends to improve with supplementation of green tea, bran and soy hulls. Phenolic compounds have demonstrated antioxidant capacity resulting in preservation of meat color. Catechins, a natural phenol antioxidant and plant secondary metabolite, are abundant in green tea. Wheat bran, a by-product feedstuff, offers an alternative to cereal grains by providing the ruminant with energy primarily from degradable fiber. Wheat bran can also serve as an alternative natural antioxidant as demonstrated by Onyeneho and Hettiarachchy (1992) . Although the antioxidative properties of dietary supplementation with wheat bran have already been studied in beef cattle, few data are available on their effect on meat quality in beef cattle, with no references to meat color in Hanwoo steers. We hypothesized that wheat bran, as a source of phosphate, could reduce the absorption of iron in the digestive tract and consequently the iron concentration of muscle; and wheat bran and catechins, being phenolic antioxidants, may result in improvement of meat color and shelf life. Therefore, this study was conducted to evaluate effects of dietary supplementation of wheat bran and catechins on meat color in Hanwoo steers.
MATERIALS AND METHODS

Animals, diets, and management
A feeding trial was conducted for 10 months at the National Agricultural Cooperative Federation Farm located in Anseong, South Korea. Forty-eight Hanwoo steers were used in a completely randomized design to determine the effects of feedstuffs on meat color in the late fattening period. The steers were allotted to one of 4 treatment groups with six steers per pen and two pens per treatment. Treatments were as follows: control (Basal diet), catechins, wheat bran, and catechins+wheat bran (CW). Average BW (SD) of the steers at the beginning of the trial was 48630 kg. The experiment was carried out from 20 months to 30 months of age. All groups received concentrate feed ad libitum and 1 kg/animal/d rice straw throughout the feeding trial until slaughter. Ingredient composition and chemical analysis of the concentrate diets are shown in Table 1 . The DM content of the rice straw was 88.4%, and the CP, NDF, and ADF contents were 4.4, 49.2 and 31.9% (DM basis), respectively.
Steers were fed the experimental diets twice daily at 0800 and 1700 h, and had free access to mineral blocks. Each treatment diet was fed to steers via an individual gate feeding system. Water was freely accessible through the automatic waterers. At the end of the feeding trial, all animals were slaughtered at a commercial abattoir (National Agricultural Cooperative Federation, Seoul, South Korea).
Sampling, measurements, and chemical analysis
Throughout the feeding trial, daily feed intake was calculated as the difference between the daily feed supply and refusals, and weight gain was calculated as the difference between initial and final body weights. Experimental diets were dried in a forced-air oven (at 60C, 48 h), ground through a 2-mm screen in a Wiley mill (Model 4; Thomas scientific, Swedesboro, NJ, USA) and analyzed for moisture, CP, EE, and ash according to the procedure of AOAC (1990) . The concentration of NDF corrected for residual ash was determined with heat-stable amylase and sodium sulphate according to the method of Van Soest et al. (1991) , while the concentration of ADF corrected for residual ash was determined according to the procedure of AOAC (1990) .
Jugular blood samples were collected at the end of the experiment before feeding. Blood samples were collected into 10-ml vacuum tubes (BD Vacutainer, Becton & Dickinson, NJ, USA) with K 3 EDTA or without any anticoagulant, for analysis of hemoglobin and iron concentrations, respectively. Samples for iron analysis were centrifuged (Hicen21, Herolab, Wiesloch, Germany) at 3,000g for 10 min at 4C to collect serum and stored at -80C until further analysis. Iron concentrations in the serum samples were analyzed using an automatic blood analyzer (Express Plus, Ciba-Corning, CA, USA). Whole blood samples treated with K 3 EDTA were used for analysis of hemoglobin using a portable hemoglobin analyzer (HemoCue Hb 201, HemoCue AB, Angelholm, Sweden).
At the end of feeding trial all steers were slaughtered after a 24 h fasting period. They were stunned, exsanguinated, and immediately eviscerated. Carcasses were chilled at between 0 to 2C for 24 h. Carcasses were then graded for quality and yield factors from the longissmus muscle taken at 13th rib. Quality and yield grading was performed by trained personnel of the Animal Products Grading Service in Seoul, South Korea. Carcass weight, carcass yield, back-fat thickness and size of loineye area were assessed. Yield grade was classified with a scale of A, B, or C, where A is high yield and C is low yield. Quality grade was scored on a scale of 1 ++ , 1 + , 1, 2, and 3, which was mainly determined by marbling score but also by meat color, fat color and maturity. Marbling score was evaluated and scored on a scale of 1 to 9, where 9 is very abundant and 1 is trace amounts. Fat color was scored on a scale of 1 to 7, where 1 is creamy white and 7 is yellowish. Panel meat color was scored on a scale of 1 to 7, where 1 is bright red and 7 is dark red. Texture was scored on a scale of 1 to 3, where 1 is soft and 3 is firm. Maturity was scored on a scale of 1 to 9, where 1 is young and 9 is old.
Meat pigment in the longissmus muscle samples was analyzed as described by Fleming et al. (1960) and determined by UV spectrophotometer (Uvikon 923, Kontron, Milan, Italy). Total iron concentration was determined in the longissmus muscle samples using the procedure of Rhee and Ziprin (1987) .
Statistical analysis
Data obtained from the experiment were subjected to statistical analysis using the GLM procedure of SAS (SAS Inst. Inc., Cary, NC, USA) according to the model Y ij = +A i +T j +e ij , where Y ij , , A i , T j , and e ij are the response, overall mean, mean effect of animal, mean effect of treatment, and random residual error, respectively. Duncan's multiple range test was used to interpret any significant differences among the mean values of the treatments. Effects were declared significant at p<0.05. Table 2 shows that initial and final BWs, BW gain and ADG were not significantly different among treatments. Wheat bran had approximately 71% of the metabolizable energy content of corn (NRC, 2000) . Compared with control, wheat bran did not affect growth performance of steers. Improving weight gain of cattle fed moderately high protein diets may require the use of energy supplements. However, the most commonly used energy supplements, cereal grains, can decrease forage intake and digestibility. Wheat bran offers an alternative to cereal grains by (Martin and Hibberd, 1990) . Hess et al. (1996) reported that supplementation of wheat bran rather than cracked corn did not seem to alleviate the reduction in forage intake or OM digestion. They suggested that although wheat bran has approximately 71% of the metabolizable energy content of corn, an amount of wheat bran less than that isocaloric to corn may provide similar production responses due to the reduction of negative associative effects on forage intake and digestibility. Therefore, when economically justified, wheat bran can be used in isocaloric quantities to corn for steers in the late fattening period. Narukawa et al. (2010) reported that palatability was decreased with increased catechins concentration in green tea. Accordingly, we thought that catechins could have an influence on feed palatability and consequently on intake and growth performance of steers. Furthermore, Silanikove et al. (1994) reported that animals fed tannin-rich diets had decreased feed intake. However, DMI was not different among the treatments in the present study. In addition, BW gain and ADG were not significantly different for catechins and CW compared with control. Therefore, a catechin supplement of 0.5% in the diets of the late fattening period did not adversely influence the growth performance of Hanwoo steers. The effect of treatments on carcass characteristics is presented in Table 3 . Treatment with catechins, wheat bran and CW did not affect carcass weight or loin-eye area. For back fat thickness, results show that wheat bran was the lowest of all treatments (p<0.05). Dressing percentage was higher for wheat bran than for other treatments (p<0.05).
RESULTS AND DISCUSSION
Marbling score, panel meat color and fat color, and texture were not different among the treatments. For meat maturity, wheat bran and CW were superior to control (p<0.05), and catechins tended to be better than control. Although supplementing steer diets with wheat bran and catechins improved the back fat thickness, dressing percentage, and maturity carcass characteristics, it had an no effect on yield and quality grade. Table 4 shows the effect of treatments on the display life of meat represented by myoglobin, oxymyogolbin, metmyoglobin percentage and total myoglobin concentration in longissimus dorsi. Myoglobin percentage and total myoglobin concentration in the M. longissimus dorsi were not significantly different among the treatments, whereas oxymyoglobin percentage was the highest for CW. Compared with other treatments, the percentage of oxymyoglobin was the highest for CW during the entire meat display time from 1 to 24 h. No other significant treatment effects on oxymyoglobin were noted. Oxymyoglobin is commonly known to be responsible for fresh meat color. After meat is cut, the color is a deep purplish red. As oxygen from the air comes into contact with the exposed meat surfaces, it is absorbed and binds to the iron in myoglobin. The surface of the meat blooms as myoglobin is oxygenated. This pigment, called oxymyoglobin, gives beef its bright cherry red color which consumers associate with freshness. In the present study, a higher oxymyoglobin percentage for CW would be associated with a more desirable bright reddish pink color or less color deterioration. Previous studies have reported that antioxidants prevent discoloration (Waylan et al., 2002;  There were no significant differences among treatments on percentage of metmyoglobin at 1 h display time. Metmyoglobin percentages were lower for CW at 5 and 24 h compared with other treatments. Catechins and wheat bran were not significantly different compared with control. As display time passed, CW had a reduced rate of increase of metmyoglobin percentage that resulted in an increased display time in comparison with other treatments. As a result, metmyoglobin percentage was the lowest for CW at 5 and 24 h of display time. These results suggest that supplying CW as a dietary supplement in the late fattening period of Hanwoo steers has the potential to retard myoglobin oxidation in beef. At 24 h of displayed time, the percentage of metmyoglobin for CW was significantly lower than that of other treatments. Percentage of metmyoglobin was 31.76% for CW, compared with 53.34, 51.92, and 55.34% for control, catechins, and wheat bran treatments, respectively. Metmyoglobin, the oxidised form of the oxygen-carrying protein myoglobin, is the cause of the characteristic brown discoloration of meat. Visually detectable percentages and consumer rejection levels of metmyoglobin by both trained and consumer-type panels have been reported. Van der Oord and Wesdorp (1971) confirmed that the visually detectable level of metmyoglobin was at 50% of total myoglobin. Greene et al. (1971) reported that consumer rejection occurred at 40% metmyoglobin. According to our results, metmyoglobin percentage in the tissue of the steers receiving CW was lower than the above-reported results. Therefore, supplying CW as a dietary supplement may improve meat color because pigment stability in muscle is linked to myoglobin oxidation in meat. CW may provide protection against oxidation of myoglobin in our present study.
Treatment means for blood iron and hemoglobin, and tissue iron concentration are presented in Table 5 . Blood iron and hemoglobin concentration were numerically lower for catechins than other treatments, but there were no significant differences among treatments. Total concentration of muscle iron was the lowest (p<0.05) for CW. Miltenburg et al. (1992) reported that blood hemoglobin concentrations were significantly associated with intramuscular iron levels in the veal carcass. Wensing et al. (1986) reported that iron supply management during the fattening period to control veal color is more reliant on blood hemoglobin concentration than on plasma iron concentration. Although blood hemoglobin concentration was numerically lower for catechins, wheat bran and CW than that of steers fed a basal diet (control), there was no correlation between blood hemoglobin or plasma iron concentration and total muscle iron concentration in the present study. The lack of correlation may be due to steer age, since meat color is commonly known to be related to age. Pigment content in the muscle increases from birth to 16 months of age (Boccard et al., 1979) . Brightness of meat is increased up to 16 months of age and chroma of meat is increased up to 18 months of age, and then both remain constant. As a result, meat color is generally fixed by 18 months of age in the Hanwoo (Ha et al., 2005) because meat color is depended on total pigment content, brightness, and chroma of meat. We conducted this study using steers at 20 months of age. Therefore, further study may be needed using animals under 18 months of age to determine whether muscle iron concentration has a correlation with blood hemoglobin or plasma iron concentration. Agboola et al. (1988) suggested that phosphate radicals will inhibit myoglobin synthesis by chelation of iron. Phosphate inhibits the absorption of iron in the digestive tract, therefore, phosphate may be used to manipulate the iron and consequently the myoglobin concentration in the muscular tissue. Zembayashi et al. (1999) reported that green tea decreased the absorption of iron in the muscle. Therefore, wheat bran and catechins as a source of phosphate and a source of phenolic antioxidant may lead to improved meat color. However, catechins and wheat bran treatments individually did not significantly prevent the accumulation of iron in the muscle. It is unclear why supplying catechins and wheat bran alone did not influence the meat color. Catechins and wheat bran are not commonly fed to steers in Korea under normal production conditions because information is limited on the effects of dietary supplementation with these ingredients in Hanwoo steers. It is possible that catechins and wheat bran alone may lead to improved meat color if the inclusion rate was higher than in the present study. However, this hypothesis requires further investigation. On the other hand, CW was effective in preventing an accumulation of total muscle iron. Zembayashi et al. (1999) conducted a study that confirmed the effects of green tea and wheat bran on meat color using several breeds raised either in Japan or the USA. They obtained samples of M. longissimus thoracis, semimembranosus and gluteous medius, and compared the effects of green tea and wheat bran among different muscles. The study confirmed that the iron content of the M. semimembranosus from the tea-fed cattle was lower than in M. semimembranosus from a basal diet. The iron content of the other muscles was not affected by dietary bran or tea.
The M. longissimus thoracis contained less iron than the M. gluteous medius. The M. semimembranosus was intermediate in iron content to the other two muscles. Consequently, iron content may be affected more by muscle type than by diet type. In addition, they indicated that the effect of dietary bran on muscle iron content was greater in Japanese Black cattle than in either the Japanese Brown Japanese Black/Holstein or the CharolaisJapanese Black/Holstein cattle. Therefore, further detailed studies may be needed to verify whether iron content will be affected by different muscle types in Hanwoo steers, and which type of muscle will be influenced by those treatments in Hanwoo steers.
CONCLUSION
CW, a mixture of catechins and wheat bran, improved meat color by providing protection against oxidation of myoglobin in late fattening period of Hanwoo steers. Treatment with CW in Hanwoo steers did not improve the panel meat color, but may prevent the discoloration of beef in display cases at market. Furthermore, it is generally accepted that meat color is fixed before 18 months of age in Hanwoo steers. However, our present study suggests that meat color can be altered by a nutritional manipulation in the late fattening period of Hanwoo steers.
